SYNOPSIS Amygdaloidotomy was performed bilaterally on 15 and unilaterally on three patients exhibiting severe aggressive or self-mutilating behaviour. Nine subjects (500 %) were improved a year after operation; improvement was maintained in seven (39%/a) for periods ranging from 27 months to nearly six years. Four non-epileptic cases had convulsions during the period of review; one of them has a persistent mild hemiparesis dating from the postoperative period. There was a tendency for epileptics to respond better than non-epileptics and for mentally retarded patients to respond poorly, but none of the differences was statistically significant.
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Studies involving stimulation and ablation of the amygdala in animals have demonstrated clearly that these structures, particularly their basolateral divisions, play an important part in the determination of aggressive behaviour (Kaada, 1965) . In man it has been much more difficult to produce anger or rage by electrical stimulation of the amygdala, although this has been achieved by Heath et al. (1955) , King (1961) , and Sweet et al. (1969) .
Early studies ofthe effects ofamygdaloidotomy in man include those of Sawa et al. (1954) , Chatrian and Chapman (1960) , and Schwab et al. (1965) . Narabayashi et al. (1963) reported the results of amygdaloidotomy in 60 patients, 40 of whom were under 14 years of age. Thirty-nine of these operations were unilateral. The patients were described as irritable, excitable, and distractable; the older ones in particular were assaultive and destructive. A good immediate result was claimed in 51 (85%) but follow-up of 40 of the 60 patients over periods of three to six and a half years (Narabayashi and Uno, 1966) showed sustained improvement in only 27 (68%). Results in the older-that is, 11 to 35 years-patients were poorer than in the younger, only four of 13 (31 %) showing persisting benefit.
Heimburger et al. (1966) described 20 epileptics with episodic or constant hostility, aggressiveness, or destructiveness who were subjected to amygdaloidotomy. Behaviour improved dramatically in seven patients and markedly in a further nine, giving an improvement rate of 80%. Two patients previously confined to institutions, presumably for life, were discharged and remained well adjusted on follow-up after two and a half years and eight months respectively. Vaernet and Madsen (1970) reported 12 female patients aged 23 to 69 years showing 'violently aggressive behaviour with assaults on fellow patients and ward personnel, and/or a marked tendency towards self-mutilation'. After bilateral amygdaloidotomy there was a marked improvement in or disappearance of aggressive behaviour in all but one patient. Six of the patients were schizophrenics; in these, hallucinations persisted but lost much of their threatening character. Balasubramaniam and Ramamurthi (1968) (Balasubramaniam and Ramamurthi, 1970) . Mempel (1971) Table 2 ). Case 3 responded so dramatically to the unilateral procedure that the proposed second stage was considered unnecessary. Case 4 had dilatation and distortion of the left temporal horn of her lateral ventricle which prevented localization of the amygdaloid nucleus, and there was a technical failure in case 6 during the first stage of the procedure, which was abandoned.
The amygdaloid target was determined using the data of Baird et al. (1960) , the intended centre of the lesion being placed 5 mm medial to the medial border of the lateral cleft.
In the first 12 patients, the temporal horn was outlined by the contrast medium iophendylate, and the lesion was made with a bipolar radiofrequency heat generator (Leksell) at 60 65°C for 30 seconds. In the last six patients of the series, the temporal horn was outlined by air and the lesion made with a Cooper cryoprobe at -700 C for three minutes in cases 13, 14, and 15 and at -1200 C for three minutes in cases 16, 17, and 18 . In all cases the iophendylate or air was introduced into the lateral ventricle through a burr hole made at the coronal suture 4 cm from the midline. The same burr hole was then employed for depth recording and making the lesion.
POLYGRAPHY AND DEPTH RECORDINGS Polygraphic recording of autonomic activity at rest and in response to various stimuli was carried out before and after operation using an Offner Type R Dynograph with the appropriate Offner/Beckman couplers and displayed on a 16-channel Offner Type TC electroencephalograph. The electroencephalogram (EEG), electrocardiogram, galvanic skin response, skin potential, and electrogastrogram were recorded using silver/silver chloride electrodes and the beatto-beat pulse rate with a cardiotachometer coupler.
The patient lay on a trolley in a quiet room. The preparation took up to one hour and in this time most patients became drowsy and appeared to become relaxed. A 10-minute resting (basal) record was obtained. A few days later this was repeated and followed by an habituation record-that is, the responses to a programmed series of 20 sound stimuli at-random intervals using the procedure described by Lader and Wing (1966) . After this was completed, the experimenter approached the patient and at intervals of one minute made a series of actions designed to arouse the patient's concern, commencing with holding a syringe and needle in view of the patient, then preparing for an injection, and finally just stopping short of inserting the needle (response to menace).
At operation the same variables were recorded while depth electrography and electrical stimulation of the brain were carried out using a bipolar stainless steel electrode with gold-plated tips. This was inserted along the track to be taken by the lesionproducer. Recordings were made at the cerebral cortex and at various levels down to the amygdaloid nucleus. After electrography electrical stimulation was carried out using trains of 50 Hz bipolar electric pulses varying in duration from one to five seconds with a maximum peak amplitude of 5 mA.
Basal autonomic activity was again recorded seven days after operation on each side and the basal, habituation and 'response to menace' recordings were repeated at between three months and one year later.
It is of some interest that one of our patients (case 15) had a typical grand mal seizure at the instant the Leksell cannula reached its target point in the left amygdaloid nucleus.
OBSERVATIONS The facilities for polygraphy were not available for case 1 or before the first operation in case 2. Of the remainder, 11 patients were coopera- Case 10 had an isolated attack of status grand mal in association with a fever (38.60 C) two and a half years after amygdaloidotomy. At review four years after the operation there is no neurological abnormality and his EEG is within normal limits.
DISCUSSION
The small number of patients in whom the operation appeared justified-18 over a period of three and a half years-made it difficult to design a properly controlled study. Turnbull (1969) has argued that the absence of matched control groups does not automatically invalidate such studies. It was felt that the patients in this present series provided their own controls: the behaviour disorder in each case was severe, longstanding, and unmodified by strenuous therapeutic efforts. It was assumed that spontaneous recovery was unlikely, although some doubts have been raised by the two cases (cases 2 and 11) that improved three years after amygdaloidotomy.
Assessment of the results of the treatment of an episodic and unpredictable symptom such as aggressive behaviour can be a difficult task. Environmental factors frequently play a significant part in determining particular aggressive episodes and in some cases, as in case 9 who was given a life sentence, a particular aggressive act may result in profound environmental changes. Nevertheless, allowances can be made either for the amount of provocation or the lack of opportunity and it is felt that the assessments achieved in these patients are reasonably objective and accurate.
Aggressive behaviour can be directed towards other persons, towards objects such as furniture or towards oneself. All but two of our patients (cases 2 and 10) were aggressive to other persons; of these, seven (440 %) showed persistent improvement after amygdaloidotomy. Of the five subjects who had self-mutilating tendencies (Table 1) only one (case 1) showed persistent improvement. None of the five subjects who destroyed objects improved, although one (case 4) became less aggressive towards persons.
Self-mutilating and destructive tendencies were almost totally confined to the mentally retarded group. In this group, aggressive behaviour tended to be indiscriminate in contrast with the directed violence towards persons displayed by the non-retarded group. Vaernet and Madsen (1970) Of our eight severely retarded patients, only two showed sustained postoperative improvement. This supports the contention of Heimburger et al. (1966) that severely retarded patients are unlikely to respond to amygdaloidotomy. Two of our severely retarded patients (cases 6 and 16) showed good initial results followed by regression to their preoperative states at 15 months. Narabayashi and Uno (1966) reported a fall-off in improvement rate from 85% to 68% during follow-up of their series for three to six and a half years.
Ten of our patients were of average or mildly retarded intelligence. Of these, four exhibited schizophrenic features. Eighteen months after amygdaloidotomy, two of the schizophrenics were less physically violent. Six patients were classified as suffering from personality disorders; three of these showed sustained improvement postoperatively. All three were epileptic.
Our initial and sustained response rates (5000 and 3900 respectively) are somewhat disappointing, though in line with the response rate of Narabayashi's adult group (31% sustained improvement). Several factors may be involved:
1. Each amygdaloid nucleus consists of a complex cluster of nuclei with several different functions (Gloor, 1967) . There are separate areas within the amygdala responsible for the initiation and the suppression of aggressive behaviour (Kaada, 1965) . Present techniques allow the placement of a lesion with an average diameter of about 0-8 cm but in view of the complexity of these nuclei, topographic localization is likely to be imprecise.
2. The type of aggressive behaviour responsive to amygdaloidotomy needs definition. From our series, it would seem that self-mutilating behaviour and destructive behaviour may have a different pathophysiological significance from violence towards persons.
3. The coexistence of epilepsy may be important. Four of our five epileptic patients (80%) became less aggressive after amygdaloidotomy. One of these four patients (case 6) regressed after 12 months but it should be noted that the lesion was unilateral and was produced by the physical presence of the probe and not by freezing. As a group, the epileptics fared better than the others, although the difference is not statistically significant. Heimburger et al. (1966) found no correlation between the reduction in fit frequency and improvement in behaviour, in contrast with Narabayashi and Mizutani (1970) who found a parallel improvement in clinical seizures and behaviour. We did not observe the amelioration of epilepsy seen by Heimburger et al. (1966) , by Narabayashi and Mizutani (1970) , and by Mempel (1971) 18 (F.29) This patient suffered a florid hebephrenic breakdown at the age of 15 years. For the seven years before operation she was in a psychiatric hospital where she proved to be a severe management problem. Impulsive violent outbursts were frequent and she would inflict great damage upon persons and property. Drugs and electroconvulsive therapy were ineffective. After bilateral amygdaloidotomy there were no physical attacks on patients or staff until a year postoperatively when she attacked a new member of the nursing staff. She is undoubtedly more placid. She remains thoughtdisordered and autistic but she is more cooperative since the operation.
